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Abstract 
Surfactant flooding may increase oil recovery by lowering interfacial tension between oil and water. 
Bagasse is one of the organic materials which contain fairly high lignin, where lignin is the basic substance of 
making Natrium Lignosulfonate (NaLS) Surfactant. In this research, bagasse based surfactant was applied for 
surfactant flooding. The research was divided into two sections, namely: phase behavior test and NaLS Surfactant 
flooding where the water contained 70,000 ppm NaCl. Two surfactant concentrations which were used were 
0.75% and 1.5% NaLS surfactant. Phase behavior tests were carried out to find the middle phase emulsion 
formation. Based on phase behavior test results, the percentage of emulsion volume for 0.75% and 1.5% NaLS is 
13.75% and 8.75%, respectively. NaLS surfactant flooding was performed for to obtain the best recovery factor. 
FTIR equipment used determine recovery factor. The optimum condition was obtained at 0.75% NaLS surfactant 
concentration where the recovery factor was 4.4%. 
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Sari 
Perolehan minyak dapat ditingkatkan dengan menurunkan tegangan antar muka antara minyak dan air 
dengan injeksi surfaktan. Ampas tebu adalah salah satu bahan organik yang mengandung lignin yang cukup 
tinggi, di mana lignin adalah bahan dasar pembuatan Surfaktan Natrium Lignosulfonate (NaLS). Dalam 
penelitian ini, surfaktan berbahan ampas tebu digunakan untuk pembanjiran surfaktan. Penelitian ini dibagi 
menjadi dua bagian, yaitu: uji kelakuan fasa, dan injeksi Surfaktan NaLS dimana air mengandung 70,000 ppm 
NaCl. Dua konsentrasi surfaktan yang digunakan adalah 0.75% dan 1.5% surfaktan NaLS. Percobaan hasil uji 
kelakuan fasa dilakukan untuk mendapatkan emulsi fasa tengah yang terbentuk. Berdasarkan hasil uji kelakuan 
fasa, persen emulsi pada 0.75% dan 1.5% NaLS berturut-turut sebesar 13.75% dan 8.75%. Injeksi surfaktan 
NaLS ampas tebu dilakukan untuk mendapatkan faktor perolehan terbaik. Peralatan FTIR digunakan untuk 
penentuan faktor perolehan. Kondisi optimum diperoleh pada konsentrasi 0.75% surfaktan NaLS dimana faktor 
perolehan sebesar 4.4%. 
 
Kata-kata kunci: Ampas Tebu, Lignin, Surfaktan NaLS, Pembanjiran Kimia, Faktor Perolehan 
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I. INTRODUCTION 
Chemical Flooding is a type of tertiary recovery 
method which is applied by adding chemicals to the 
injecting water in order to increase oil recovery. 
Therefore, the sweep efficiency will be increased, 
while the saturation of residual oil left in the 
reservoir can be reduced. The chemicals that are 
injected are classified into alkali, surfactant and 
polymer. 
In this study, surfactant Natrium Lignosulfonate 
(NaLS) was made from bagasse, which can be used 
for surfactant injection. 
The aim of surfactant injection is to reduce the 
oil-water interface tension and form a micro 
emulsion to sweep the remaining oil which is 
bypassed by waterflooding. There is an optimum 
surfactant concentration which yields a maximum 
recovery factor. Surfactant screening parameters 
were carried out to analysis the ability of surfactant. 
The behavior test was one of the screening 
parameters which were applied in this study. It was 
performed by mixing the reservoir fluid with the 
injection fluid. The selected surfactant 
concentrations were then used for surfactant 
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injection experiment [1; 2; 3].  
 
II. METHOD  
Phase behavior tests are performed to obtain 
percent emulsions. Phase behavior tests are carried 
out by mixing oil with injection fluid. Observations 
of mixed phase behavior between reservoir fluid and 
injection fluid can be classified as: lower phase 
emulsion, microemulsion (middle phase emulsion), 
upper phase emulsion, macroemulsion, and 
sediment. The formation of a middle phase emulsion 
(microemulsion) spontaneously during phase by 
mixing surfactant NaLS bagasse and light oil (light 
oil). In the experiments, the surfactant concentration 
in the solution were varied at 0.75 % and 1.5 %. 
While temperature was set at 60°C [4]. 
Core flooding Experiment was performed as 
follows: 
1.  A core flooding apparatus was prepared. 
2.  Inject brine (70,000 ppm NaCl solution) to 
saturate the core and to find pore volume (PV). 
3.  Inject oil to find Swc and Soi. 
4.  Inject brine (70,000 ppm NaCl solution) to 
perform waterflooding. 
5.  Inject NaLS surfactant solution to perform 
chemical flooding. 
6.  Inject brine (70,000 ppm NaCl solution) as 
postflush.  
 
III. RESULTS AND DISCUSSION 
Phase behavior tests were tested at concentrations 
of 0.75% and 1.5% as shown in Table 1. 
 
Table 1. Composition of Surfactant Concentration 
 
Salinity 
(ppm) 
Concentration 
(%) 
70,000 0.75 
70,000 1.5 
 
 
 
 
Figure 1. Percent Emulsion at 70.000 ppm and 
0.75% Surfactant Concentration 
 
Figures 1 and 2 show the comparison of oil, 
emulsion, and water volume using surfactant 
concentrations of 0.75% and 1.5%. The percentage 
of emulsion decreases as the time goes on. However, 
after 7 days, the volume of emulsion becomes stable. 
The percentage of emulsion obtained from phase 
behavior test at 0.75% and 1.5% surfactant 
concentrations were 13.75% and 8.75%, 
respectively, as shown in Table 2. The Experiment 
was continued to optimization of Baggase NaLS 
surfactant injection in various concentrations.  FTIR 
equipment was used to verify the NaLS surfactant 
yielded using the method. 
 
Table 2.Experimental results of Phase Behavior Test 
 
Salinity 
(ppm) 
Concen- 
tration  
(%) 
Phase 
Emul- 
sion 
Type 
%Vol. 
of 
Emul- 
sion 
70,000 0.75 
Surfactant- 
Emulsion-Oil 
Middle 13.75 
70,000 1.5 
Surfactant- 
Emulsion-Oil 
Middle 8.75 
 
 
 
 
Figure 2. Percent Emulsion at 70.000 ppm and 1.5% 
Surfactant Concentration 
 
Figures 3 and 4 shows the recovery factor during 
water flooding and surfactant flooding. Most of oil 
production was recovered during water flooding. 
After 4 pore volume (PV) water injection, no more 
oil was produced. Recovery factor of the two 
experiments was 33% and 23%. After that, surfactant 
flooding was initiated. The concentration of 
surfactant was 0.75% amd 1.5%, respectively for the 
two cases. Part of oil volume which had been 
bypassed during water flooding was produced due to 
surfactant flooding.  
Figures 3 and 4 as well as Tables 5 and 6 show 
the increment of oil volume recovered and recovery 
factor during surfactant flooding for surfactant 
concentration of 0.75% and 1.5%. The tables show 
that the recovery factor increase as the surfactant 
concentration. Based on the tables the increment of 
recovery factor for surfactant concentration of 0.75% 
and 1.5% is 3.34% and 4.4%, respectively.  
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Figure 3. Waterflooding and Surfactant Flooding at 
0.75% Surfactant Concentration 
 
Table 3. Recovery Factor at 0.75% Surfactant 
Concentration 
 
No Code 
Pore 
Volume of 
Oil (ml) 
Oil re- 
covered 
(ml) 
% Oil 
Vol. re- 
covered 
1 CF 3 1 2.4 0.0041 0.17 
2 CF 3 1 2.4 0.0056 0.23 
3 CF 3 1 2.4 0.0053 0.22 
4 CF 3 1 2.4 0.0055 0.23 
5 CF 3 1 2.4 0.0025 0.10 
6 CF 3 1 2.4 0.0038 0.16 
7 CF 3 1 2.4 0.0037 0.15 
8 CF 3 1 2.4 0.0031 0.13 
9 CF 3 1 2.4 0.0047 0.20 
10 CF 3 1 2.4 0.0023 0.10 
11 CF 3 1 2.4 0.0051 0.21 
12 CF 3 1 2.4 0.0036 0.15 
13 CF 3 1 2.4 0.0042 0.18 
14 CF 3 1 2.4 0.0050 0.21 
15 CF 3 1 2.4 0.0038 0.16 
16 CF 3 1 2.4 0.0037 0.15 
17 CF 3 1 2.4 0.0020 0.08 
18 CF 3 1 2.4 0.0048 0.20 
19 CF 3 1 2.4 0.0034 0.14 
20 CF 3 1 2.4 0.0039 0.16 
   RF 3.34 
  
 
IV. CONCLUSIONS  
Based on the experiments and analyses shown 
above, several conclusions are made as follows: 
1. Middle emulsion type can be formed at 0.75% 
and 1.5% NaLS surfactant concentration for 
water salinity of 70,000 ppm. 
2. Recovery factor is proportional to surfactant 
concentration within the range studied. The 
recovery factor for 0.75% and 1.5% NaLS 
surfactant concentration is 3.34% and is 4.4%, 
 
 
 
Figure 4. Waterflooding and Surfactant Flooding at 1.5% 
Surfactant Concentration 
 
Table 4. Recovery Factor at 1.5% Surfactant Concentration 
 
No Code 
Pore 
Volume of 
Oil (ml) 
Oil re- 
covered 
(ml) 
% Oil 
Vol. re- 
covered 
1 CF 3 1 2.4 0.0041 0.17 
2 CF 3 1 2.4 0.0056 0.23 
3 CF 3 1 2.4 0.0053 0.22 
4 CF 3 1 2.4 0.0055 0.23 
5 CF 3 1 2.4 0.0025 0.10 
6 CF 3 1 2.4 0.0038 0.16 
7 CF 3 1 2.4 0.0037 0.15 
8 CF 3 1 2.4 0.0031 0.13 
9 CF 3 1 2.4 0.0047 0.20 
10 CF 3 1 2.4 0.0023 0.10 
11 CF 3 1 2.4 0.0051 0.21 
12 CF 3 1 2.4 0.0036 0.15 
13 CF 3 1 2.4 0.0042 0.18 
14 CF 3 1 2.4 0.0050 0.21 
15 CF 3 1 2.4 0.0038 0.16 
16 CF 3 1 2.4 0.0037 0.15 
17 CF 3 1 2.4 0.0020 0.08 
18 CF 3 1 2.4 0.0048 0.20 
19 CF 3 1 2.4 0.0034 0.14 
20 CF 3 1 2.4 0.0039 0.16 
   RF 3.34 
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